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STATUS OF CLAIMS: 

Claims 1-23 are pending herein and are presented above for the convenience of the 
Examiner. 

REMARKS 

A. Rejection of Claims 1-7. 9 and 10 under 35 U.S.C. 102 

Claims 1-7, 9 and 10 are rejected under 35 U.S.C. 102(e) as being anticipated by U.S. 
2002/0076935 (Maex). Applicant respectfully traverses this rejection and its supporting 
remarks. 

For example, independent claim 1 is directed to a method of etching a structure that 
comprises a first layer of undoped silicon oxide or F-doped silicon oxide and a second layer of 
C,H-doped silicon oxide. The structure is etched in a plasma-etching step, which is conducted 
using a plasma source gas that comprises nitrogen atoms and fluorine atoms, and which 
selectively etches the second layer of C,H-doped silicon oxide relative to the first layer of 
undoped siUcon oxide or F-doped silicon oxide. Such a method is neither taught nor suggested 
by Maex. 

The Office Action asserts that Maex describes a method that comprises providing a 
dielectric structure that comprises (a) a first dielectric layer such as undoped silicon oxide, and 
(b) a second organic low-k dielectric layer, such as BCB, FLARE or SILK, which is argued to 
correspond to the claimed layer of C,H-doped silicon oxide. 

However, neither BCB nor FLARE nor SILK is a C,H-doped silicon oxide material as 
claimed. In fact, these materials are organic polymer layers. See, e.g., paragraph [0074] of 
Maex (emphasis added): "A first dielectric layer (12), i.e. an organic polymer layer comprising 
phenyl groups is formed on a substrate (11)... Examples of such polymers are the 
benzocyclobutarenes, i.e. benzocyclobutene (BCB) commercially available as Cyclotene 5021™ 
poly arylene ether, i.e. FLARE™ II, aromatic hydrocarbon, i.e. SILK™, polyimides." 

Nevertheless, the Office Action argues the following: "BCB is a Iow-k insulating 
material that contains Si, O, C, H (please see US 6,168,726, col. 3, line 12, cited in the IDS, for 
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further verification of its composition). This would foim a low-k material with silicon oxide and 
C and H, which would read on [the] claimed C,H doped silicon oxide." 

This assertion is respectfully traversed, for example, because one of ordinary skill in the 
art would immediately recognize that silicon oxide based materials, such as C,H-doped silicon 
oxide (e.g., Black Diamond™), are in a class that is fundamentally distinct from organic polymer 
based materials, such as BCB. 

For instance, U.S. Patent No. 6,1 68,726, cited in the Office Action, refers to two broad 
classes of low-k materials: (a) silicon-based materials, and (b) carbon-based materials. The '726 
patent describes BCB (bivinylailoxane-benzocyclobutene), not as a silicon-based material, but 
rather as "a carbon-based low-k material, . . . which contains a few percent of silicon, but is 
otherwise an organic polymer including carbon, oxygen, and hydrogen. Like many other 
carbon-based dielectrics, BCB is spun onto the wafer in a liquid solvent and is then dried and 
cured to form the polymer." See, e.g., col. 3, lines 3-10. On the other hand, the '726 patent 
describes C,H-doped silicon oxide materials like those claimed (see, e.g., col. 3, line 46 to col. 4, 
lines 30 of the '726 pant as well as paragraph [0031] of the present specification) as silicon- 
based materials (sec '726 patent, col. 8, lines 3-4). 

See also the attached article, "A New CVD Process for Damascene Low k Applications," 
Semiconductor Fabtech-W h Edition, (June 1999), pp. 285-289, which further highlights the 
fundamental differences between (a) silicon-based films, and specifically silicon-oxide based 
films such as C,H-doped silicon oxide (e.g., Black Diamond™) and carbon-based organic 
polymer films such as BCB, FLARE and SILK For example, silicon-oxide based films, 
including C,H-doped silicon oxide (Black Diamond™), have higher thermal stability and 
hardness relative to organic polymer films such as BCB, FLARE and SILK. Moreover, silicon 
oxide based films, including C,H-doped silicon oxide(Black Diamond™), can be deposited by 
CVD and are thus readily integrated into existing process schemes using existing processing 
equipment, whereas organic polymer films such as BCB, FLARE and SILK are spun onto the 
wafer tn a liquid solvent, increasing processing complexity. 

The Office Action states that the prior response doesn't respond to Maex's teaching of 
etching the low-k layer such as BCB with nitrogen and fluorine atoms as presented in the 
rejection. It is respectfully submitted that this issue has now been addressed. BCB is not a C,H- 
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doped silicon oxide material as presently claimed, and one of ordinary skill in the art would 
recognize this to be the case. 

In this regard, the Office Action also states that the plasma etching of the second 
dielectric layer, described by Maex, would have the same claimed selectivity to the first 
dielectric layer, because the plasma contains the same source gas as that of the claimed 
invention. However, due to the fundamental differences between carbon-based organic polymer 
materials such as BCB, FLARE and SILK, and silicon-oxide-based material such as the claimed 
C,H-doped silicon oxide, it would by no means follow that the selectivity claimed in connection 
with C,H-doped silicon oxide will be achieved with the BCB, FLARE and SILK materials taught 
in Maex. 

Moreover, due to the similarity of the layers within the presently claimed structure (i.e., 
each of the claimed first and second dielectric layers is a silicon oxide based layer), it is 
respectfully submitted that the high levels of selectivity achieved in the present invention are 
unexpected. 

For at least the above reasons, it is respectfully submitted that claims 1 -7, 9 and 10 are 
neither anticipated by nor obvious in view of Maex. 

B. Rejection of Claims 8 and 12-20 under 35 U.S.C. 103(a) 

Claims 8 and 1 2-20 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over Maex 
in view of U.S. Patent No. 6,573, 1 87 (Chen). Applicants respectfully traverse this rejection and 
its supporting remarks. 

In order to establish a prima facie case of obviousness under 35 U.S.C. 103, (a) there 
must be some suggestion or motivation to modify/combine the references of record, and (b) there 
must be a reasonable expectation of success. See MPEP §2143. The teaching or suggestion to 
make the claimed combination and the reasonable expectation of success must both be found in 
the prior art, not in applicant's disclosure. Id The mere fact that references can be combined or 
modified does not render the resultant combination obvious unless the prior art also suggests the 
desirability of the combination or modification. MPEP 2143.01 (emphasis added) (citing In re 
Mills, 916 F.2d 680, 16 USPQ2d 1430 (Fed. Cir. 1990)). 

As seen from the above discussion, Maex is deficient with respect to independent claim 1 
(and with respect to independent claim 12 as well) at least in that it does not teach or suggest a 
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process in which one silicon oxide layer (in particular, a layer of CH-doped silicon oxide) is 
selectively etched relative to another silicon oxide layer (in particular a layer of undoped silicon 
oxide or F-doped silicon oxide) using a plasma source gas that comprises nitrogen atoms and 
fluorine atoms. In feet, Maex teaches the use of an entirely different class of dielectric layers, 
i.e., carbon-based organic polymer films, in its etching step. 

Chen does not make up for these deficiencies in Maex. The Office Action asserts that 
"Chen describes a method for forming a dual damascene structure having a via dielectric layer of 
undoped or F-dope4 silicon oxide 30 under a layer of C.H doped silicon oxide 32 such as Flare, 
Silk, or Black Diamond...". 

In this regard, and as noted above, FLARE™ and SILK™ are organic polymers, rather 
than OH doped silicon oxide materials as claimed. As to providing undoped or F-doped silicon 
oxide in combination with Black Diamond™ QH doped silicon oxide, Chen merely teaches that 
dielectric layers 30 and 32 can contain "any suitable dielectric material such as Si0 2 , Fluorine 
doped Si0 2 . USG, FLARE, SILK or Black Diamond™ or any other suitable low-k dielectric 
material." See, e.g., col. 4, lines 28-35. Hence, Chen teaches nothing more than the fact that the 
two dielectric layers can be formed from any suitable low-k material. 1, is respectfully submitted 
that this vague general disclosure falls far short of teaching the desirability of providing a 
structure comprising a C,H doped siUcon oxide layer (e.g., Black Diamond™) in combination 
with an undoped or F-doped silicon oxide layer as presently claimed, and certainly not in a 
process like that claimed in which such a structure is etched using a plasma source gas that 
comprises nitrogen atoms and fluorine atoms, which plasma source acts to selectively etch the 
second layer of C,H-doped silicon oxide relative to the first layer of undoped silicon oxide or F- 
doped silicon oxide. 

Indeed, to the extent that one of ordinary skill in the art would be motivated to follow the 
teachmgs of Maex regarding etching chemistry (as asserted in the Office Action), it is 
respectfully submitted that the teachings of Maex regarding selection of organic polymer 
dielectric materials such as FLARE or SILK would likewise be followed. 

Finally, even assuming solely for the sake of argument that Chen did somehow provide 
motivation to substitute the C,H-doped silicon oxide layer taught therein (specifically, the Black 
Diamond™ material) for the carbon-baaed organic polymer materials (specifically, the BCB 
FLARE and SILK materials) taught in Maex, it is respectfully submitted that there would bono 
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reasonable expectation of success associated with this substitution, due to the radical differences 
that exist between the carbon-based organic polymer materials taught in Maex and the C,H 
doped silicon oxide layers taught in Chen. 

Stated from the perspective of the present invention, due to the similarity of the layers 
within the presently claimed structure (i.e., both of the claimed layers are silicon oxide based 
layers), it is respectfully submitted that the high levels of selectivity achieved in the present 
invention are unexpected. 

For at least these reasons, it is respectfully submitted that independent claims 1 and 12 
are unobvious over Maex in view of Chen. 

Claims 8 and 13-20, which depend directly or indirectly from either claim 1 or claim 12, 
are also unobvious over Maex in view of Chen for at least the same reasons. 

Accordingly, reconsideration and withdrawal of the outstanding rejection of claims 8 and 
12-20 under 35 U.S.C. 1 03(a) are respectfully requested. 

C. Rejection of Claims 11 an d 21 under 35 U.S.C. 103(a) 

Claims 11 and 21 are rejected under 35 U.S.C. 103(a) as being unpatentable over Maex in 
view of Chen and further in view of U.S. Patent No. 6,194,128 (Tao). Applicants respectfully 
traverse this rejection and its supporting remarks. 

First, the Office Action asserts that it **would have been obvious ... to etch a C,H-doped 
oxide using MERIE system since it is RIE system and Maex describes that the plasma etch 
includes RIE. . However, as noted above, the BCB material of Maex is not a C,H-doped 
silicon oxide. Moreover, no motivation is given for discarding the RIE system of Maex and 
utilizing a MERIE system, other than the fact that both are RIE systems. 

Furthermore, as noted above, Maex and Chen are deficient with respect to independent 
claims 1 and 12 at least in that these references do not teach or suggest a process in which one 
silicon oxide layer (in particular, a layer of C,H-doped silicon oxide) is selectively etched 
relative to another silicon oxide layer (in particular a layer of undoped silicon oxide orF-doped 
silicon oxide) using a plasma source gas that comprises nitrogen atoms and fluorine atoms. 

Tao does not make up for these deficiencies in Chen and Maex. For example, Tao at col. 
5, lines 4 1-46 and col. 6, lines 48-5 1 teaches the formation of a dielectric layer of SiO^H,*, or 
of carbon-based low-k dielectrics (e.g., FLARE™, discussed above, or PAE-IT) by spin coating. 
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For at least the above reasons, it is respectfully submitted that independent claims 1 and 
12 (and claims 1 1 and 21 dependent thereon) are unobvious over Maex, Chen and Tao. 

Accordingly, reconsideration and withdrawal of the outstanding rejection of claims 1 1 
and 21 under 35 U.S.C. 103(a) are respectfully requested. 

C. Rejection of Claims 22 and 23 under 35 U.S.C. 103(a) 

Claims 22 and 23 are rejected under 35 U.S.C. 103(a) as being unpatentable over Maex in 
view of U.S. Patent No. 6,245,690 (Yau) or alternatively Maex and Chen in view of Yau. 
Applicants respectfully traverse this rejection and its supporting remarks. 

The Office Action asserts that "it would have been obvious for one skill[ed] in the art at 
the time of the invention in light of Yau' s teaching of using plasma-assisted CVD process in 
order to deposit organic low-k material such as C-H doped silicon oxide with reasonable 
expectation of success." This assertion is respectfully traversed. 

First, as noted above C,H-doped silicon oxide is not an "organic low-k material." 
Moreover, as also noted above, Maex and Chen are deficient with respect to independent claims 
1 and 12 at least in that these references do not teach or suggest a process in which one silicon 
oxide layer (in particular, a layer of C 3-doped silicon oxide) is selectively etched relative to 
another silicon oxide layer (in particular a layer of undoped silicon oxide or F-doped silicon 
oxide) using a plasma source gas that comprises nitrogen atoms and fluorine atoms. Yau does 
not make up for this deficiency in Maex and Chen. 

Indeed, as noted above, to the extent that one of ordinary skill in the art would have been 
motivated to follow the teachings of Maex regarding etching chemistry, it respectfully submitted 
the teachings of Maex regarding selection of carbon-based organic polymer films such as BCB, 
FLARE and SILK would likewise have been followed. As noted above, such organic polymer 
films are spun on in a liquid solvent and is then dried and cured. In contrast, it is noted that Yau 
is described in U.S. Patent No. 6,168,726 as relating to the CVD deposition of Black Diamond™ 
CJH-doped silicon oxide material (see, e.g., col. 3, line 47 to col. 4,line 30 of U.S. Patent No. 
6,168,726), rather than organic polymer films such as BCB, FLARE and SILK. 

For at least the above reasons, it is respectfully submitted that independent claims 1 and 
12 (and claims 22 and 23 dependent thereon) are unobvious over Maex, Chen and Yau. 
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Accordingly, reconsideration and withdrawal of the outstanding rejection of claims 22 
and 23 under 35 U.S.C. 103(a) are respectfully requested. 

CONCLUSION 

Applicants submit that all pending claims of the present invention are in condition for 
allowance, early notification of which is earnestly solicited. Should the Examiner be of the view 
that an interview would expedite consideration of this Amendment or of the application at large, 
request is made that the Examiner telephone the Applicant's attorney at (703) 433-0510 in order 
that any outstanding issues be resolved. 



The Commissioner is authorized to charge any fees due and owing in respect to this 
amendment to deposit account number 50-1047. 



FEES 



Respectfully submitted, 




Attorney for Applicant 

Mayer Fortkort & Williams, PC 

251 North Avenue West, 2 nd Floor 



David B. Bonham 
Registration No. 34,297 



Westfield, NJ 07090 
Tel.: 703-433-0510 
Fax: 703^33-2362 



Certificate of Vacs i mil e Transmission 

I hereby certify that this document and any document 
referenced herein is being sent to the United States Patent 
and Trademaik office via Facsimile to: 703-872-931 1 on 



David B. Bonhant 



(Printed Name of Person Mailing Correspondence) 




(Signature) 
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A New CVD Process For 
Damascene Low k Applications 
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M inw dielectric material, "Black Biam^d", based 
an Silicon Dioxide ".has iHien developed. ^The 
■ : ■density of ine matei to) and hence' the tfclcctYit: ! i 
' esns'tanl can be modified by choosing an appropriate j 
: terminating molecular group. It has lire added advan- • 
tagc that the properties, of Silicon nioaide arc retained- 
■tit the device manufacturing processed? It is produced 
by conventional CUD. and s« should he compal&le with [ 
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Recently, several IC companies have announced 
plans for devices with copper wiring using damascene 
integration. The first generation of these devices 
will use silicon oxide for the litter-metal dicfeclrte layers. 
To further reduce the RC delay In these devices, it is 
dear that tow A/cu damascene structures are needed. 
According to the SIA roadmap, very low * materials 
(k<3.0) are required for volume production by 2002. 
While most low * materials have mainly addressed 
the needs of aluminium gap fill applications, a new 
product, called Black Diamond, has been specifically 
developed for cost-effective, km k damascene appll- 



OMAJIC VS. INORGANIC UATERIJLS 

lint-generation low k materials have generally followed 
an evolutionary approach by modifying silicon oxides 
to achieve reduced dielectric constants, The best 
examples are Fluorine-doped silicate glass (FSG) and 
hydrogen siliesqutoxane (HSQ), Some of the Initial 
low k materials were based on spin on technology and 
generally faced two hurdles : 1) lack of device integra- 
tion knowledge on these new material* (particularly 
organic polymers), and 2) complicated and expensive 
manufacturing sequences for these new materials. 
FSG has been Implemented into production at several 
sites with relatively smooth integration and a i-value 
of approximately 3.5. 

For the second-generation of low k films, with 
dielectric constants below 3.0, various organic polymers, 
such as BCB, are befog investigated. A new sUlcon^ersed 
Mm. celled Black Diamond, is deposited using proven 
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CVD methods. The use of conventional CVD technology 
makes the hardware immediately available for imple- 
mentation, and provides a mlnlmum-rlsk path to 
advanced low A. 

Table I shows several organic and inoroanlc 
^T^tTW!^ UJffle &f the trrjiererreT bcWeen craarfr 
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Regardless of the deposition method, 
these two classes of material have some Inherent differ- 
ences in their thermal and mechanical properties. 

Integration of these materials in copper damascene 
stnicturB5 presents new requirements and challenges. 
In addition to meeting the electrical requirements for 
a good dielectric, the films must have good mechan- 
ical Integrity and edhesion to be compatible with the 
CMP environment The films must also be composi- 
tion ally and dlmensionally stable over repeated 
temperature cycling. While silicon based matpri«.i« 
typically have excellenttrT errhfll crop ert W ma ny 
or ganic polymers have unacceptable "wekW Ipsa n^Rk ss 
transition temperatures below 400*C (e.g. PAE glass 
transition temperature ta -350*C, BCB weight loss starts 
at<400*Ch Another problem associated whh polymeric 
materials fs the anlsoo-opy of the dieiectric constant. 
Dielectric constant differences between the vertical 
and horizontal directions have been reported as high 
as 1,5 times for organic polymers. For example. 
BPDA-PDA porylmlde films measure 3.7 for the bi- 
plane dielectric constant and 2.8 for the out-of-plane 
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RUCK DIAMOND DIELECTRIC 

The dielectric constant of a specific material has three 
main contributors: electronic, tonic, and orientation. The 
electronic contribution represents the response of the 
electrons to an applied electric field and i* related to the 
number of bonds per unit volume. Therefore, for a 
Sxtd class of materials, the electronic cnmrlbutian Is directly 
related to the density oT the material. The tonic contri- 
button represents the response or the atoms to an 
applied electric field. It Is related to tha types of atoms 
(SI, C, O. N.H. F, etc) present in the material. The ortsn- 
tattori contribution represents molecular response to an 
applied electric field and is related to the structure of 
the material. 

There are two Prim ary approaches for achieving 
Uwr dielectric constant materials, The first approach is 
to tower the electronic contribution. The second 
approach is tn lower the orientation contribution and/or 




s enced b y polymeric mn tprl ph tni-fr as Amorphous 
Fluurlimmtl lUroon, farylene . BCB. Flare, and SILK. 

Bfacfc DlnmnnH K „ ^n^ ty I SfllCDn djO jtlde llke 

material formed by a Chemical Vapour Deposition 
method. The tower density is achieved by introducing 
network terminating species into the Sl-O matrix. The 
precursors used Include a sutcon-conurirring compound, 
typically an organosJlane(R.SlH, J. and an oxidizer. A 
simplified reaction mechanism is as follows: 

1. Partial oxidation of the organosllane In the gas phasft 

2. gas phase reaction erf partially oxidized organosihne 
species to form a complex nucleus 

3. adsorption of oorrrp3ex nucleus arriving at the wafer 
surface 

4. adsorbed complexes aggregate to form a Black 
Diamond film on the wafer. 

The density of tha material, hence A, can be modolatol 
at each phase in the nwt'oun as well with *iic appropriate 
choice of the R (network terminating group}. In general, 
a larger terminating group can gfve rise to a lower 
overall density. Because the caganlc component fimcttons 
as a network terminating group (Sl-R) and is not part 
of the O-SHD network. Black Diamond maintains the ' 
material advantages of a silicon oxide base film. 

The partial oxidation reaction and surface reaction 
condftions oust also be optimised depending on the cho.ee 
cftin newoek tcrmlnattng group. The ajdctittan of these 
species depends on the bond energy and the oxidation 
environment. 

The Black Diamond famlfr erf low * pres ets has been 
developed on ccrcventjonel parallel plate sangfc -wafer CVD 
chamber technology an djrses proven CVD concepts . The 
first product is aslltcon co7d^5aVWUv k rum sireciflcalry 
for 0.13pm generation low J^copper'oaraascene 
tedmobgy. AD precursors are semlccnductor grade . non 
proprietary gaseous chemicals, The film can achieve a 
bulk dielectric constant of 2.5-2.7. and integrated IMD 
stack dielectric constant of <3.0. By maintaining the 
adhesion, thermal, and mechanical properties of silicon 
oxide, this film provides an evolutionary path from 
Cu/oxlde to Cu/low k device designs. A second-gener- 
ation product with ft<2.4 is under development for 
extension to a 10pm devices. 

FILM PROPERTIES 

Because the film contains primarily silicon and oxygen. 
Black Diamond retains many of the beneficia l thermal 

a summary 6J t urn 1 property, lrto glass transit ton 
temperature is well above 45CTC and Isothermal weight 
loss is < 1 %wr per hour at 450 B C, Figure I. Reduction 
Of the dielectric constant is achieved primarily through 
maximizing the free volume in the microstructure. 

One concern for low ft materials ts decreased mechan- 
ical strength. A» shown by hardness data and Young's 
modulus, the mechanical strength of the film is similar 
to oxide and one order of magnitude higher than that 
of polymeric films. Stress hysteresis is < 20 MPa after 
6 cycles to 450"C and no structural or phase transition 
Is observed at these conditions, Figure 1. 

Adhesion to different materials and the ability to 
withstand CMP are two critical structural issues. FUm 
adhesion was investigated by mechanical stud pull 
testing and A5TM tape test Adhesion to TaN, To, SO,. 
SIN, Tl and TIN is very good, both when measured as- 
deposited and after temperature cycling (7 cycles at 
400"C). Adhesion was also evaluated after direct CMP 
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of the film and after CMP of copper on the material. NJo 
de-lamlnatlon was observed In either Instance. No 
adhesion layers or underlaynrs were required to achieve 
these results, A ftlm thickness of >l,5um can be deposited 
without any cracking or dehinlnatkm. The electrical praper- 
ttn of the film, such u breakdown voltage and leakage 
current, were also Investigated and show similar values 
compared to standard PE-TEOS oxide. Table 3. 

As deposited, the films are stable, bin a furnace 
anneal Is required to achieve the lowest dielectric 
constant value. The anneal can be performed in a 
vacuum furnace under nitrogen (or forming gas) atmos- 
phere. The purpose of the anneal is to out-gas the 

of post cured films fcs <]% for temperature cycles up to 
450*0. 

ELECTRICAL PERFORMANCE 

The Black Diamond film's In-plane dielectric constant 
was measured by Hg probe and has a bulk fc value of 
2.7. The Bnc-to-Une capacitance was obtained by In-huuse 
electrical test of an Integrated Black-Dtamond-Cu 
single damascene structure. Capacitance measure* 
menta from inter-digitated comb structures show a 
2B% reduction In capacitance for the fully Integrated - 
film compared to a similar structure using standard SIO^, 
Figure 2. 714a equates to approximately k*Z9 after integra- 
tion. Including resist ash. solvent dean, and other 
processing steps. 

Black Diamond Is an amorphous material and 
should have isotropic behavior. The interdlgitated 
comb capacitance measurements are In agreement 
with the Hg probe measurement, and confirm the 
isotropic nature of this film, Leakage current was 
<5E-9 A/cm' at IV. and the breakdown field was 
>Z.5MV/cm Thus, the film provides a significant 
reduction In capacitance, while meeting electrical 
requirements for dielectric Isolation. 

FILM MT16RATI0H 

One of the major challenges for early low A materials 
was the lack of IntegreUon knowledge . The polity to quickly 
evaluate material Interactions with different process 
modules Is an Important tool far tuning the film conrpo- 
sltlon and characteristics. In the esse of this new film, 
the company's Process Sequence Integration (PSI) 
group collaborated with the dksedric deposition, di elec- 
tric etch. CMP. and metal deposition product groups to 
develop and demonstrate the successful Integration of 
Black Diamond In Cu damascene structures. 

Trench and via etching was accomplished using 
a high-density plasma dielectric etcher. The dlelec- 
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trie etch baseline recipe was transferred to Black 
Diamond, achieving good profiles, Post-etch clean 
used resist ashing followed by solvent strip. Black 
Diamond was found to be compatible with post-etch 
solvent cleans such as EKC 525 and ACT 970. 
among others, with no chemical changes and no delam- 
inatlon or swelling Issues. No compositional changes 
were observed In the FTIR spectra. Figure 3, after 
the etch and photoresist removal sequence. A TaN 
barrier layer and Cu seed layer was deposited by Ion 
Metal Plasma fTMP) technology and copper All was 
accomplished using the company's electrochemical 
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deposition technology. 

Copper polishing wis performed In the company'* 
CMP tool to complete the single- damascene jtructure. 
Figure 4. 

Figure 5 shows the electrical line-width for trenches 
varying from 0.34 to 30 micron. The CMP perfor- 
mance of the Black Diamond Arm is very consistent and 
was found to be equivalent to that cfradde-Cu damascene 
structures. The CMP baseline process for Cu-SiO, 
Interconnect was transferable to Cu- Black Diamond No 
Issues with metal deiamlnatkra or dielectric deforma- 
tion were observed. 

The resultant line-to-llue capacitance from the 
Integrated structure was shown earlier in Figure 1 . 

Figure 8 shows a dual damascene Integrated struc- 
ture with Black Diamond. The Integration was achieved 



Cu (PVD)) : Electrochemical plating {Cu, ECP) and Cu 
CMP systems, The process sequence resulted in relatively 



Our testing found that Black Diamond facilitates 
Inte^annn by avoiding many of the issues associated wfth 
carbon-based materials, such as inability to use 0 ( 
resist ashing. The Sl-O based film Is compatible wfth O, 
resist strip and has excellent adhesion to different 
surfaces. The film Is also compatible with the temper- 
ature requirements of advanced Interconnect modules. 
Overall the product enables ease of integration matched 
with established manufacturing processes. 

MflNUFACTURfiBIUTY 

Manufacturing worthiness is critical to low i taflmotagy. 
The key factors that affect this are cost, environmental 
safety and health, low particulates, and ease of opera- 
tion. The Black Diamond film maintains a low total cost 
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of ownership by using non-proprietary, industry standard 
chemicals; customers also have a choice of high 
throughput wafer handling platforms. The deposition 
chambers are cleaned using a remote plasma dean 
technology that eliminates PFC exhaust emissions, 
extends the lifetime of the process kit, and prevents any 
residue accumulation In the chamber. Thfc translate* into 
b repeatable, cost effective process with low particulates. 

CDMCIOSIIN 

EtoA Diamond is the to-gmerattan product of the Bteck 
Diamond CVD family of low Jc products. This film 
exhibits the thermal, mechanical, and electrical film proper- 
ties to be a promising low A material (M <2.7) for IMD 
tppBcotioro. The martial has been Mj«»wflilry Integrated 
into single and dual damascene structures using a 
standard equipment set. The electrical tests Indicate a 
substantia] reduction in the capacitance as compared to 
silicon oxide. This technology provides a CVD turn 
capable of meeting advanced device requirements in a 
production worthy method. 
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